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and another was unable to return for follow-up imaging. Figure 
1 shows an example medial condyle section of one volunteer 
across the 4 time points imaged. Post-race dGEMRIC values nor- 
malized by their pre-race values of the 5 volunteers who success- 
fully completed the study are shown in Figure 2a-c. The dGEM- 
RIC index of the medial cFC and pFC decreased relative to pre- 
race values at 1 day post-race (18%, 7%), returned towards pre- 
race values at 1 week, and increased to near pre-race values by 
6 weeks (p<0.03, p<0.05). Laterally, the cFC and pFC showed 
similar trends with overall higher values relative to pre-race, but 
only changes in the pFC compartment were significant (p<0.02). 
The medial TP also demonstrated significant (p<0.03) changes 
over time: increasing above pre-race values at 1 week, returning 
to pre-race values 6 weeks later. 
Conclus ions:  This pilot study in 5 female runners demonstrates 
a significant change in the dGEMRIC Index in the 6 weeks follow- 
ing the running of the Boston Marathon. A decrease in the central 
aspect of the medial femoral condyle dGEMRIC index 1 day af- 
ter the race was followed by a return toward pre-race values at 
1 week post-race with a full return to pre-race values achieved 
by 6 weeks post-race. It is possible that changes in the dGEM- 
RIC Index are due to swelling/compression of the cartilage tis- 
sue, although it is unlikely that volume changes can account for 
the 18% change seen here. dGEMRIC changes in other com- 
partments suggest there may be a complex system of mechani- 
cal events/biologic responses that alter GAG metabolism across 
compartments. 
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Aim: Recent magnetic resonance (MR) imaging studies have 
shown that only small transitory changes occur in articular tis- 
sues after strenuous running. However, there has been no study 
on quantitative changes in cartilage thickness (deformation) af- 
ter marathon running. Here we study the hypothesis that signifi- 
cant deformation of knee joint cartilage occurs after running the 
Boston marathon. 
Methods:  We investigated 8 healthy subjects (7 women, 1 man, 
age 19 to 34 y., body mass index 18 to 25 kg/cm 2) who were 
imaged 1 day before the marathon, and after the marathon. The 
time between the end of the race and the start of the image ac- 
quisition was 86 4- 41 min, and the estimated time of non-weight- 
bearing during this period 45 4- 36 min. Axial and coronal MR 
images were acquired, using a GE Signa Excite 3 T system and 
a spoiled gradient echo sequence (SPGR) with water excitation 
(TR = 18 ms, TE = 9ms, FA = 12°), with 1.0 mm slice thickness 
and 0.31 mm x 0.31 mm in-plane resolution. Cartilage thickness 
(mean, maximum, standard deviation) was determined in the me- 
dial and lateral tibia (MT, LT), the weight-bearing portion of the 
medial and lateral femoral condyle (cMF, cLF) and in the patella 
(P) after 3D reconstruction, independent of the slice orientation, 
using proprietary software (Chondrometrics GmbH, Ainring, Ger- 
many). 
Results: The difference in mean cartilage thickness before and 
after the marathon was -0.3% in the patella, -0.4% in the me- 
dial tibia, -0.3% in the lateral tibia, +0.5% in medial femur, and 
+1.4% in the lateral femur, with none of the differences attaining 
statistical significance. In the lateral tibia, the maximal cartilage 
thickness and standard deviation of the thickness (thickness in- 
homogeneity) were reduced (p < 0.05), but this effect was not 
observed in any of the other surfaces. 
Conclus ions:  The results of this study show that marathon run- 
ning under competitive conditions does not lead to prolonged de- 
formation of knee joint cartilage. We cannot exclude that changes 
(deformation) may have been present during or directly after the 
race, and this will be investigated in future work. Previous studies 
have shown that in the patella the recovery time of cartilage de- 
formation following 50 deep knee bends (about 6% deformation) 
is approximately 90 minutes, a period that is almost equivalent o 
the one between the end of the race and start of image acquisition 
in our current protocol. The study thus shows that even strenu- 
ous long-term exercise (full distance marathon running) does not 
have an intermediate- (same day) or long-term effect on the state 
of cartilage morphology in young healthy subjects. 
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The quantification of morphological parameters of knee carti- 
lage is a promising technique to evaluate osteoarthritis (OA) pro- 
gression. The coronal MRI FLASH sequence has resulted in re- 
producible and accurate analysis. However, the lack of contrast 
between adjacent soft tissues and the posterior condyle and 
trochlea cartilage has prevented their evaluation in sagittal plane. 
The DESS sequence offers better contrast between cartilage and 
adjacent structures, making it ideal when evaluating OA progres- 
sion in such areas. The comparison of the cartilage quantitative 
from FLASH and DESS sequences is presented as part of the 
Osteoarthritis Initiative (OAI) validation process where multiple 
groups independently cross validate the DESS vs. FLASH. 
Nineteen subjects (9 normal, 10 with self-reported knee OA, av- 
erage age 51 years) underwent two knee MR exams as part of 
the pilot study for the OAI. Each exam consisted of a sagittal 3D 
DESS and a coronal 3D FLASH acquired on a Siemens 3T scan- 
ner. All 76 scans were randomized and a supervised computer- 
ized system was used to extract the articulating bones and carti- 
lage plates. The volume, average thickness, and bone-cartilage- 
interface (BCI) area were calculated for the medial and the lateral 
tibia cartilage, the central medial, and the central lateral femur 
regions. 
All 76 cartilage plates results were pooled and analyzed. The av- 
erage cartilage pooled volume was 1,712 ml with a standard de- 
viation (SD) of 539 ml. The average BCI area was 806 mm 2 with 
a SD of 161 mm 2. The average thickness was 1.93 mm with a 
SD of 0.32 mm. The comparison of the DESS and the FLASH 
sequences resulted in excellent limits of agreements (LA) and 
highly correlated cartilage volume (r=0.98), thickness (r=0.95), 
and BCI areas (r=0.99). Although all LA between the two pulse 
sequences included the zero bias, the DESS cartilage volume 
was smaller than the FLASH by 24 ml with a 95% Confidence 
Interval (CI) from -60 ml to 12 ml (P=0.18). The thickness mea- 
surements were also smaller on the DESS sequences. The thick- 
ness difference was -0.03 mm with a 95% CI from -0.05 mm to 
0.00 mm (P=0.04). The BCI area was slightly larger on the DESS 
by 18 mm 2 with a 95% CI from 6 mm2to 29 mm 2 (P<0.01). The 
DESS coefficient of variation (CV) of the volume, BCI area, and 
thickness were 4.5%, 4.8%, and 2.3%. These CVs were similar 
to the FLASH reproducibility of volume (CV=4.3%; P=0.71) and 
thickness (CV=2.8%; P=0.10), but statistically different for the BCI 
area (CV=3.4%; P<0.01). 
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The morphological cartilage quantification of tibia and central fe- 
mur cartilage from MRI DESS sequences is as accurate and re- 
producible as that of the FLASH sequences for volume and thick- 
ness. The difference in the BCI area is small and without clini- 
cal significance. This represents the first step in the validation of 
DESS sequences as an accurate and precise technique for eval- 
uating OA progression. 
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Aim: Quantitative magnetic resonance (MR) imaging of articu- 
lar cartilage provides valuable metrics of disease status and pro- 
gression in OA. The Osteoarthritis Initiative (OAI) is targeted at 
identifying biomarkers for development and progression of symp- 
tomatic knee OA. Spoiled gradient recalled echo (SPGR) with 
water excitation (we) and 3D image analysis provide accurate in- 
formation on cartilage morphology (thickness, areas), at 1.5 and 
3 Tesla. Limitations of SPGR include relatively long acquisition 
times and relatively poor posterior femoral condyle-capsule con- 
trast. We test the hypothesis that sagittal DESSwe may overcome 
some of these limitations and permits accurate and highly repro- 
ducible quantification of cartilage morphology with shorter acqui- 
sition time or higher resolution. 
Methods: As part of a pilot study for the OAI, test-retest MR im- 
ages of the knee were acquired in 19 participants, 10 without OA 
and 9 with moderate clinical OA. Two double oblique coronal fast 
low angle shot (FLASHwe) sequences with 1.5 mm slice thick- 
ness were acquired at 3T, and two sagittal DESSwe sequence 
with 0.7 mm slice thickness. Double oblique coronal multiplanar 
reformats (MPR) were performed at 1.5 mm slice thickness from 
the latter. Knee joint cartilage plates (patella = P, femoral trochlear 
= TrF, medial and lateral tibia = MT/LT, central (weight-bearing) 
medial/lateral femoral condyles = cMF/cLF) and posterior me- 
dial/lateral femoral condyles = pMF/pLF) were quantified using 
proprietary software (Chondrometrics GmbH, Ainring, Germany). 
Knees were analyzed in random order, with blinding to subject 
identification and paired acquisitions. 
Results: In the femorotibial joint, the precision (RMS CV%) for 
cartilage volume and thickness ranged from 3.1% (MT) to 6.4% 
(cMF) for coronal FLASHwe, from 2.5% (LT) to 6.2% (cMF) for 
coronal MPR DESSwe and from 2.3% (MT) to 8.2% (LT) for 
sagittal DESSwe. Correlation coefficients between DESSwe and 
FLASHwe ranged from r = 0.88 to 1.0. In the femoropatellarjoint, 
precision errors (sagittal DESSwe only) were 5.1% (P) and 7.7% 
(TrF). 
Conclusions: DESSwe is shown to permit accurate analysis of 
cartilage morphology in the femorotibial joint at 3T, with preci- 
sion being similar to that observed with SPGR under "non-paired- 
anaylsis" conditions. However, precision in the femoropatellar 
joint was substantially less than previously reported for sagit- 
tal and axial FLASHwe imaging protocols at 1.5T and 1.5 mm 
slice thickness for non-paired analysis. Future studies will need 
to investigate the accuracy of DESSwe versus FLASHwe in the 
femoropatellar joint, and the sensitivity of DESSwe to longitudinal 
change of cartilage morphology. 
Acknowledgment:  partially funded by NIAMS (contracts N01- 
AR-2-2261, N01-AR-2-2262 and N01-AR-2-2258) 
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Objective: The current golden standard for monitoring cartilage 
thinning during osteoarthritis (OA) in clinical trials is currently joint 
gap measurements from x-ray. This work explores an alterna- 
tive, morphometric quantification of cartilage from magnetic res- 
onance imaging (MRI). The aim of this study is to present a novel 
measure of surface smoothness of the articular cartilage from 
knee MRI, and to explore whether this smoothness measure can 
separate a population of OA subjects from healthy population. 
Material and Methods: We studied 114 knee MRI of which 51 
were from healthy knees and 63 from knees with OA (a score 
of 1 or higher on the Kellgren and Lawrence index (KL) deter- 
mined from x-rays) where 28 are KL=I. The subjects were 22-79 
years old with 59% females. Both left and right knees were used. 
The scans were acquired from an Esaote C-Span low-field 0.18 
T scanner performing a Turbo 3D T1 sequence with an average 
sagittal slice thickness of 0.81 mm. We focus on the medial com- 
partment of the tibial cartilage. 
An automatic software method was designed that performs the 
quantification in two steps. First, the cartilage is segmented using 
a voxel classification method based on supervised learning. Sec- 
ondly, a shape model is fitted to the segmented cartilage sheet. 
From the shape model, the cartilage surface curvature is approx- 
imated using the local change in boundary normals. The local 
smoothness is defined as the inverse of the curvature. The over- 
all smoothness is determined as the mean over the central (load- 
bearing) part of the cartilage sheet. 
Results: The reproducibility of the method was estimated 
through the inter-scan variability determined from 31 knees that 
were scanned again one week after the first scan. The linear cor- 
relation coefficient between pairs of measurements is 0.67 (p < 
0.0001) (Fig. 1). The average smoothness is significantly higher 
for the healthy group than for the OA group - as stated by a t-test 
giving p-value 0.00044 (Fig. 2). 
Conclusion: The results demonstrate that the cartilage surface 
smoothness measure is robust with high reproducibility. Further- 
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